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Description 
LITHOGRAPHY METHOD 

Background of Invention 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a lithography method, 

and more particularly, to a lithography method utilizing a 
selective chromeless phase shift mask (PSM) to form pat- 
terns having a superior resolution and contrast in a pho- 
toresist layer. 

[0003] 2. Description of the Prior Art 

[0004] In integrated circuit manufacturing processes, a litho- 
graphic process has become a mandatory technique. In a 
lithographic process, a designed pattern, such as a circuit 
pattern, a doping pattern, a contact hole pattern, or a 
trench pattern, is created on one or several photo masks, 
then the pattern on the photo mask is transferred by light 
exposure, with a stepper and scanner, into a photoresist 
layer on a semiconductor wafer. Only by using a litho- 
graphic process can a wafer producer precisely and clearly 



transfer a complicated circuit pattern onto a semiconduc- 
tor wafer. 

[0005] It is an important issue for solving resolution of the litho- 
graphic process due to the reducing device sizes of the 
semiconductor industry. Theoretically, using short wave- 
lengths of light to expose a photoresist layer will improve 
the resolution right away. Short wavelengths of light are 
desirable as the shorter the wavelength, the higher the 
possible resolution of the pattern. This method, though it 
seems simple, is not feasible. First, light sources for pro- 
viding short wavelengths of light are not accessible. Sec- 
ondly, the damage of equipment is very considerable 
when short wavelengths of light is used to expose a pho- 
toresist layer, leading to a shortened equipment lifetime. 
The cost is thus raised, which makes products not com- 
petitive. Due to the conflicts between theory and practice 
used in manufacturing, the manufacturers are all devoted 
to various researches so as to overcome this problem. 

[0006] Please refer to Fig.l, Fig.l is a schematic diagram illus- 
trating a prior art method for improving a resolution of 
contact hole patterns 24 by utilizing an attenuated phase 
shift mask. As shown in Fig.l, the attenuated phase shift 
mask 10 is formed from a quartz substrate. A plurality of 



contact hole features 12 and a not completely transparent 
region 14 enclosing each of the contact hole features 12 
are included on attenuated phase shift mask 10. Actually, 
the not completely transparent region 14 of the attenu- 
ated phase shift mask 10 is coated with a single-layered 
embedded layer 16. The embedded layer 16 is not only an 
absorption layer, but also is a phase shift layer. Since the 
transmittance and the phase shift angle required by the 
process can be achieved by utilizing the single-layered 
embedded layer 16, the embedded layer 16 is also called 
an absorptive shifter. In addition, the attenuated phase 
shift mask is also called a half-tone mask. 
[0007] When a specific wavelength of light (correlating to the 

embedded layer) is utilized to perform the exposure pro- 
cess, light will pass through each of the contact hole fea- 
tures 12 successfully to reach a photoresist layer 22 on a 
wafer 18. Because the embedded layer 16 has a specific 
transmittance (usually between 2-15%), portions of the 
light passing through the embedded layer 16 will have a 
phase shift of 180 degrees relative to the original light, 
and will result in destructive interference with the light 
passing through the contact hole features 12. After de- 
velop and bake processes are performed, the contact hole 



patterns 24 defined by the residual pliotoresist layer and 
corresponding to the contact hole features 12 will be 
formed in the photoresist layer 22. Thanks to the interfer- 
ence effect caused by light passing through the embedded 
layer 16, the resolution of the contact hole patterns 24 is 
improved. 

[0008] Please refer to Fig. 2, Fig. 2 is a schematic diagram illus- 
trating a stepper 30 utilizing an on-axis illumination 
method. As shown in Fig. 2, light beams originating from a 
light source 32 pass through condenser lens 34 first, then 
evenly illuminate a mask 36 having contact hole patterns 
(not shown) on it. Diffraction effects occur because the 
mask 36 hinders incident light. The even incident light is 
thus separated into diffraction light of different orders. 
The diffraction light of different orders is thereafter inci- 
dent upon projection lens 38 to allow the projection lens 
38 to collect the diffraction light of different orders and to 
focus them on a wafer 42. However, the smaller the criti- 
cal dimension (CD) is, the larger the diffraction angle of 
the incident light is with the same exposure light source, 
theoretically. When the critical dimension of the contact 
hole patterns (not shown) is very small, the diffraction an- 
gle of the incident light becomes very large. Under the 



circumstances, the projection lens 38 can only collect the 
zero order (0 order) light from perpendicularly incident 
light beams due to the large diffraction angles, leading to 
images having poor resolution on the wafer 42, or even 
leading to unexposed images on the wafer 42. 
[0009] In order to resolve this problem, an attenuated phase shift 
mask is usually used in conjunction with a stepper utiliz- 
ing an off-axis illumination (OA!) method. Please refer to 
Fig. 3, Fig. 3 is a schematic diagram illustrating a stepper 
50 utilizing an off-axis illumination (OAI) method. As 
shown in Fig. 3, the light beams illuminate a mask 54 hav- 
ing contact hole patterns (not shown) on it with a specific 
incident angle when they are transmitted through the off- 
axis aperture 52. The mask 54 will then diffract the light 
beams passing through it and allow zero and first order 
diffracted light interfere on a surface of a wafer 56 and 
contribute to the image formation. However, the incident 
angle needs to be adjusted according to the pattern spa- 
tial frequencies, and the exposure time needs to be in- 
creased in order to compensate for the loss of illumina- 
tion due to tilting. In summary, the illumination is tilted 
symmetrically to an angle to allow the un-diffracted light 
(the zero order light) and the first-order diffracted light 



(the +first order light) to pass through the mask 54 and 
interfere on wafer 56 in this technique. Since both the 
zero order light and the +first order light are collected by 
projection lens 58 and are focused on the wafer 56, im- 
ages are formed on the wafer 56 successfully. As a result, 
the off-axis illumination method enhances the resolution 
and depth of focus (DOF) of the lithographic process to 
produce contact hole patterns (not shown) in a photoresist 
layer (not shown) on the wafer 56. 
[0010] However, the above-mentioned method has limitations, 
both in critical dimension and critical dimension unifor- 
mity. In addition, when utilizing the attenuated phase shift 
mask to improve the resolution of the contact hole pat- 
terns or other dense patterns, the light intensity of the 
side-lobe is too high to produce extra patterns if the 
transmittance of the embedded layer is too high. If the 
transmittance of the embedded layer is too low, the de- 
structive interference of light caused by the phase shift is 
not enough. The side-lobe phenomenon at the edge of 
contact hole patterns or other dense patterns cannot be 
eliminated, leading to the unsatisfied pattern edge resolu- 
tion. 

[0011] Furthermore, the method involving adjusting the off-axis 



illumination method related parameters has been adapted 
in order to achieve a better resolution and make a com- 
promise between resolution and depth of focus. However, 
satisfied results are not obtained. At the same time, man- 
power and time are wasted and equipment is damaged. 
Therefore, it is very important to develop a lithography 
method to improve the resolution and contrast of the 
contact hole patterns and other dense patterns effectively. 
This method is able to be applied to small-sized patterns, 
and should not damage equipment when using the cur- 
rent equipment. 
Summary of Invention 

[0012] It js therefore an objective of the claimed invention to 
provide a lithography method utilizing a selective 
chromeless phase shift mask to improve a resolution and 
a contrast of contact hole patterns and other dense pat- 
terns. 

[0013] According to the claimed invention, a lithography method 
for forming a plurality of patterns in a photoresist layer on 
a substrate is provided. The method includes providing a 
phase shift mask (PSM), a plurality of transparent main 
features, a plurality of first phase shift transparent re- 
gions, and a plurality of second phase shift transparent 



regions being included on tlie pliase sliift masl<, eacli of 
tlie transparent main features being surrounded by the 
first pliase sliift transparent regions and the second phase 
shift transparent regions interlaced contiguously along a 
periphery of the transparent main feature, and each of the 
first phase shift transparent regions having a phase shift 
relative to each of the second phase shift transparent re- 
gions. The method also includes performing an exposure 
process to irradiate the phase shift mask with light so that 
the patterns corresponding to the transparent main fea- 
tures are formed in the photoresist layer. 
[0014] The present invention method for improving the contrast 
and resolution of the contact hole patterns and other 
dense patterns utilizes a selective chromeless alternate 
phase shift mask. Therefore, the waveforms produced by 
light passing through the transparent main features and 
the contrast enhanced features cancel each other out to 
increase the contrast of the aerial image and to improve 
the resolution of the contact hole patterns and other 
dense patterns. At the same time, the waveforms pro- 
duced by light passing through the assistant features and 
the contrast enhanced features cancel each other out to 
eliminate the light leakage problem occurring in the pe- 



riphery of the contact hole patterns and other dense pat- 
terns, which frequently occurs in the prior art. In addition, 
the conventional exposure, develop, and bake processes 
are utilized without changing these processes in the 
present invention method. Since the present invention 
method is able to form the contact hole patterns and 
other dense patterns which have a superior resolution and 
contrast with facility, a light source generating short 
wavelengths of light does not need to be used when per- 
forming the exposure process. When the present inven- 
tion method is applied to a practical production line, yield 
is improved, manpower is saved, equipment lifetime is 
elongated, cycle time is shortened, and the cost is re- 
duced. 

[0015] These and other objectives of the claimed invention will 

no doubt become obvious to those of ordinary skill in the 

art after reading the following detailed description of the 

preferred embodiment, which is illustrated in the multiple 

figures and drawings. 
Brief Description of Drawings 

[0016] Fig,i is a schematic diagram illustrating a prior art 

method for improving a resolution of contact hole pat- 
terns by utilizing an attenuated phase shift mask. 



[001''] Fig. 2 is a schematic diagram illustrating a stepper utiliz- 
ing an on-axis illumination method. 

[0018] Fig. 3 is a schematic diagram illustrating a stepper utiliz- 
ing an off-axis illumination (OA!) method. 

[0019] Fig. 4 is a top view of a selective chromeless alternate 

phase shift mask according to a first preferred embodi- 
ment of the present invention. 

[0020] Fig. 5 is a schematic diagram illustrating a method for im- 
proving a resolution of contact hole patterns in a photore- 
sist layer by utilizing the selective chromeless alternate 
phase shift mask according to the first preferred embodi- 
ment of the present invention. 

[0021] Fig.6is a top view of a selective chromeless alternate 

phase shift mask according to a second preferred embod- 
iment of the present invention. 
Detailed Description 

[0022] Please refer to Fig. 4 and Fig. 5, Fig. 4 is a top view of a se- 
lective chromeless alternate phase shift mask 100 accord- 
ing to a first preferred embodiment of the present inven- 
tion, Fig. 5 is a schematic diagram illustrating a method 
for improving a resolution of contact hole patterns in a 
photoresist layer by utilizing the selective chromeless al- 
ternate phase shift mask 100 according to the first pre- 



ferred embodiment of the present invention. As shown in 
Fig. 4 and Fig. 5, the present invention method to improve 
the resolution of the contact hole patterns is to provide a 
selective chromeless alternate phase shift mask 100 first. 
The selective chromeless alternate phase shift mask 100 
is a kind of phase shift mask. A plurality of transparent 
main features 102, a plurality of first phase shift transpar- 
ent regions 104, and a plurality of second phase shift 
transparent regions 106 are included on the selective 
chromeless phase shift mask 100. Each of the transparent 
main features 102 is surrounded by the first phase shift 
transparent regions 104 and the second phase shift trans- 
parent regions 106 interlaced contiguously along a pe- 
riphery of the transparent main feature 102, and each of 
the first phase shift transparent regions 104 has a phase 
shift of 180 degrees relative to each of the second phase 
shift transparent regions 106. 
[0023] In the first preferred embodiment of the present inven- 
tion, the first phase shift transparent region 104 has a 
phase shift of 180 degrees relative to the second phase 
shift transparent region 106, and the transparent main 
feature 102 has a phase shift of 0 degrees relative to the 
first phase shift transparent region 104. That means. 



when the phase of the first phase shift transparent region 
104 is 0, the phase of the transparent main feature 102 is 
also 0, and the phase of the second phase shift transpar- 
ent region 106 is tt ; when the phase of the first phase 
shift transparent region 104 is tt , the phase of the trans- 
parent main feature 102 is tt , and the phase of the sec- 
ond phase shift transparent region 106 is 0. In Fig. 4, the 
previous case is illustrated. Actually, the transparent main 
features 102, the first phase shift transparent regions 
104, and the second phase shift transparent regions 106 
are all formed on a same quartz substrate 108. By etching 
the quartz substrate 108 into two different thicknesses, 
the transparent main features 102 surrounded by the first 
phase shift transparent regions 104 and the second phase 
shift transparent regions 106, the first phase shift trans- 
parent regions 104, and the second phase shift transpar- 
ent regions 106 are defined. Moreover, other portions of 
the quartz substrate 108 are plated with a chrome film 
(not shown) and used as first opaque regions 112. 
[0024] The present invention method for improving the contrast 
by utilizing a selective chromeless alternate phase shift 
mask uses the same exposure process and development 
process as the prior art method, as shown in Fig. 5. How- 



ever, when light passes through the selective chromeless 
alternate phase shift mask 100 during the exposure pro- 
cess, a same optical path difference is resulted from the 
thickness difference between the first phase shift trans- 
parent regions 104 and the second phase shift transpar- 
ent regions 106, and the thickness difference between the 
transparent main features 102 and the second phase shift 
transparent regions 106. Therefore, light passing through 
the first phase shift transparent regions 104 and the 
transparent main features 102 both have a phase shift of 
180 degrees relative to light passing through the second 
phase shift transparent regions 106 to result in destruc- 
tive interferences. 
[0025] Although light passing through the transparent main fea- 
tures 102 and the second phase shift transparent regions 
106 will produce the diffractive waveforms of the first or- 
der, the second order, etc., light passing through the 
transparent main features 102 always has a phase shift of 
180 degrees relative to light passing through the second 
phase shift transparent regions 106. After the exposure, 
develop, and bake processes, a plurality of contact hole 
patterns 114 defined by a residual positive photoresist 
layer 116 and corresponding to the transparent main fea- 



tures 102 are formed in the positive pliotoresist layer 116 
on a wafer 118. Because of tlie destructive interference of 
light occurring at the boundary of the transparent main 
features 102 and the contrast enhanced features, which 
are the second phase shift transparent regions 106 having 
a phase shift of 180 degrees relative to the transparent 
main features 102, the diffractive waveforms produced by 
light passing through the transparent main features 102 
and the second phase shift transparent regions 106 cancel 
each other out. Consequently, the contrast of the aerial 
image is increased to improve the contrast and resolution 
of the contact hole patterns 114. 
[0026] In addition, light passing through the first phase shift 

transparent regions 104 and the second phase shift trans- 
parent regions 106 will produce the diffractive waveforms 
of the first order, the second order, etc., too. However, 
light passing through the first phase shift transparent re- 
gions 104 will always have a phase shift of 180 degrees 
relative to light passing through the second phase shift 
transparent regions 106. Therefore, when an exposure 
process is performed to irradiate the selective chromeless 
phase shift mask 100 with light, light passing through the 
assistant features, which are the first phase shift trans- 



parent regions 104 having a pliase shift of 0 degrees rela- 
tive to the transparent main features 102, and the con- 
trast enhanced features, which are the second phase shift 
transparent regions 106 having a phase shift of 180 de- 
grees relative to the transparent main features 102, will 
result in destructive interference. As a result, the diffrac- 
tive waveforms produced by light passing through the 
first phase shift transparent regions 104 and the second 
phase shift transparent regions 106 cancel each other out 
to eliminate the light leakage phenomenon occurring in 
the periphery of the contact hole patterns 114, which fre- 
quently occurs in the prior art. 
[0027] Except for the main features 102, the first phase shift 
transparent regions 104, and the second phase shift 
transparent regions 106, other portions of the quartz 
substrate 108 may incur light leakage problem. In order 
to resolve this problem, these regions are plated with the 
chrome film (not shown) and are used as the first opaque 
regions 112 to prevent light from passing through and to 
avoid unwanted patterns to be formed in the photoresist 
layer 116. The opaque regions 112 are surrounded by the 
first phase shift transparent regions 104 and/or the sec- 
ond phase shift transparent regions 106 (in Fig. 4, the 



opaque regions 112 are surrounded by the first pliase 
sliift transparent regions 104), and are not connected with 
the transparent main features 102. Therefore, the opaque 
regions 112 will not affect the formation of the contact 
hole patterns 114. 

[0028] It should be noted that the selective chromeless alternate 
phase shift mask 100 is used to improve the contrast of 
the contact hole patterns 114 in the first preferred em- 
bodiment of the present invention. Actually, the present 
invention method may be applied to any structure having 
high pattern density, such as trenches, memory cells in a 
memory array, and logic cells in a logic circuit. On the 
other hand, the present invention method may be applied 
to metal lines and island structures. Under the circum- 
stances, the photoresist layer should be a negative pho- 
toresist layer. In addition, the present invention method is 
not only applied to a semiconductor wafer to produce 
semiconductor products, but is also applied to glass sub- 
strates, polymer substrates, or quartz substrates to pro- 
duce other types of products. 

[0029] Furthermore, the contact hole patterns 114 are not limited 
to arranging in an array. When the contact hole patterns 
114 do not arrange in an array, the first phase shift trans- 



parent regions 104 and the second phase shift transpar- 
ent regions 106 interlaced contiguously along a periphery 
of the transparent main features 102 are asymmetrical, 
leading to mismatch (not shown) at some locations be- 
tween the transparent main features 102. At least one 
second opaque region (not shown) connected with the 
transparent main features 102 may be included on the se- 
lective chromeless phase shift mask 100 according to 
practical requirements. The second opaque region (not 
shown) connected with the main features 102 usually oc- 
cupies a very small area to avoid the light leakage prob- 
lem. Therefore, an area of the first opaque region 112 not 
connected with the main features 102 is larger than an 
area of the second opaque region (not shown) connected 
with the main features 102. In summary, any combina- 
tions such that the waveforms produced by the transpar- 
ent main features 102, the first phase shift transparent 
regions 104, and the second phase shift transparent re- 
gions 106 cancel each other out when possible are in- 
cluded in the present invention. 
[0030] Please refer to Fig. 6, Fig.6is a top view of a selective 

chromeless alternate phase shift mask 200 according to a 
second preferred embodiment of the present invention. As 



shown in Fig. 6, tlie present invention selective cliromeless 
alternate phase shift mask 200 comprises a plurality of 
transparent main features 202, a plurality of first phase 
shift transparent regions 204, a plurality of second phase 
shift transparent regions 206, and a plurality of opaque 
regions 208. Each of the transparent main features 202 is 
surrounded by the first phase shift transparent regions 
204 and the second phase shift transparent regions 206 
interlaced contiguously along a periphery of the transpar- 
ent main feature 202. The opaque regions 208 are plated 
with a chrome film (not shown). In addition, each of the 
opaque regions 208 is surrounded by the first phase shift 
transparent regions 204 and/or the second phase shift 
transparent regions 206, and is not connected with the 
transparent main features 202. 
[0031] According to the second preferred embodiment of the 

present invention, the first phase shift transparent region 
204 has a phase shift of 180 degrees relative to the sec- 
ond phase shift transparent region 206, and the transpar- 
ent main feature 202 has a phase shift of 0 degrees rela- 
tive to the first phase shift transparent region 204. In 
Fig. 6, the phase of the first phase shift transparent region 
204 is 0, the phase of the transparent main feature 202 is 



also 0, and the phase of the second phase shift transpar- 
ent region 206 is tt . 
[0032] When light passes through the transparent main features 
202 and the second phase shift transparent regions 206, 
the diffractive waveforms of the first order, the second or- 
der, etc., are produced. After the exposure, develop, and 
bake processes, a plurality of trench patterns (not shown) 
corresponding to the transparent main features 202 are 
formed in a positive photoresist layer (not shown) on a 
wafer (not shown). Due to the destructive interference of 
light occurring at the boundary of the transparent main 
features 202 and the contrast enhanced features, which 
are the second phase shift transparent regions 206, the 
diffractive waveforms produced by light passing through 
the transparent main features 202 and the second phase 
shift transparent regions 206 cancel each other out. 
Therefore, the contrast of the aerial image is increased to 
improve the contrast and resolution of the trench patterns 
(not shown). 

[0033] In addition, light passing through the first phase shift 

transparent regions 204 and the second phase shift trans- 
parent regions 206 will produce the diffractive waveforms 
of the first order, the second order, etc. However, light 



passing through the first phase shift transparent regions 
204 will always have a phase shift of 180 degrees relative 
to light passing through the second phase shift transpar- 
ent regions 206. Therefore, when an exposure process is 
performed to irradiate the selective chromeless phase 
shift mask 200 with light, light passing through the assis- 
tant features, which are the first phase shift transparent 
regions 204, and the contrast enhanced features, which 
are the second phase shift transparent regions 206, will 
result in destructive interference. As a result, the diffrac- 
tive waveforms produced by light passing through the 
first phase shift transparent regions 204 and the second 
phase shift transparent regions 206 cancel each other out 
to eliminate the light leakage phenomenon occurring in 
the periphery of the trench patterns (not shown), which 
frequently occurs in the prior art. Furthermore, since the 
practice methods in this preferred embodiment are the 
same as the first preferred embodiment, they are not 
mentioned redundantly. 
[0034] The present invention lithography method, used for im- 
proving the resolution and the light leakage problem of 
the dense patterns, utilizes a selective chromeless alter- 
nate phase shift mask. The waveforms produced by light 



passing through the transparent main features and the 
contrast enhanced features cancel each other out to in- 
crease the contrast of the aerial image and to improve the 
contrast and resolution of the dense patterns. In addition, 
the waveforms produced by light passing through the as- 
sistant features and the contrast enhanced features cancel 
each other out to eliminate the light leakage problem oc- 
curring in the periphery of the dense patterns frequently 
occurring in the prior art. When the present invention 
method is applied to a practical production line, yield is 
improved, manpower is saved, equipment lifetime is elon- 
gated, cycle time is shortened, and the cost is reduced. 
[0035] In contrast to the prior art method for improving the reso- 
lution of the contact hole patterns, the present invention 
method utilizes a selective chromeless alternate phase 
shift mask to form the contact hole patterns and other 
dense patterns having a superior contrast and resolution 
in the photoresist layer. The waveforms produced by light 
passing through the transparent main features and the 
contrast enhanced features cancel each other out to in- 
crease the contrast of the aerial image and to improve the 
contrast and resolution of the contact hole patterns and 
other dense patterns. Moreover, the waveforms produced 



by light passing tlirougli the assistant features and the 
contrast enhanced features cancel each other out to elimi- 
nate the light leakage problem occurring in the periphery 
of the dense patterns frequently occurring in the prior art. 
Furthermore, the conventional exposure, develop, and 
bake processes are utilized without changing processes. 
Because the present invention method is able to form the 
contact hole patterns and other dense patterns which have 
a superior resolution and contrast with facility, a light 
source generating short wavelength of light does not need 
to be used when performing the exposure process. As a 
result, yield is improved, manpower is saved, equipment 
lifetime is elongated, cycle time is shortened, and the cost 
is reduced. 

[0036] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teaching of the invention. Accordingly, 
the above disclosure should be construed as limited only 
by the metes and bounds of the appended claims. 



